This article reviews 24 years of research focused on science education for students with learning and other disabilities. Our results are based on 53 articles from 2 relevant databases. We hereby present and discuss the results of the most popular topics investigated, which include: constructivism, exploratory learning, hands-on activities, cross-curricular projects, multiple means of representation, cognitive and social skills, group and peer learning, coursebooks, reading strategies, readability and students' assessment. Our results suggest that topics like teacher education, teacher/researcher co-operation, education policy, school administration and curriculum structure are scatteredly investigated. These experimental approaches and interventions may provide insight into teacher training in higher education and can explain controversial concepts regarding the question of "full inclusion, selective inclusion or excellency".
Introduction
For many years, science education for students with learning disabilities, mild mental retardation or emotional disturbances, behavioral disorders and hearing or vision impairment has been the topic of intense investigation within the research community. Research has focused on educational means and materials used during instruction, teaching methods, models and practices, curriculum structure, teachers' education, etc. The systematic presentation in this paper of the topics and subtopics that have been investigated will help the university community generate effective teachers' education programs that could focus on teaching practices which have been extensively studied. This paper could also inform researchers about issues that have not been extensively investigated and assist those who formulate education policy to create the conditions for successful integration of children with special educational needs at school. 1991 as a terminus post quem, as the Department of Special Education at the University of Thessaly in Greece has included papers published since 1991in its database. The majority of the articles used in this study were published to the following journals: Remedial and Special Education, The Journal of Special Education, Learning Disability Quarterly and Journal of Learning Disabilities. Studies included students from all different age groups, from elementary to high school (4th grade to 11th grade) of the North American/Anglo-Saxon school system. Research studies were mainly focused on 4th, 5th, 7th and 8th grade students; so, our findings could be more useful for teacher candidates who will teach at relevant grades. Students' population used in those studies varies from a few students (e.g. 2, 3, or 7) in case studies, to numerous groups of students (e.g. 8000 or 9850 students) in large scale surveys. Number of teachers participating in those studies varies from very few (3 or 4) in case studies to 61 or 73 in large-scale surveys, correspondingly. Groups with varying number of students between the two ends are also included in the studies (e.g. 10, 21, 29, 40, 45, 60, 69, 107, 154, 241, 271, 624, 836, etc.) . Demographic data from the students participating in those studies included age, gender, ethnicity (Caucasian, African-American, Hispanic-American, Asian, etc.), family status (single parent family, divorced parents etc), income status (low income, high income) etc.
Only studies providing a clear identification of a student as a student with learning or other difficulties were included in this review. Participating students had been identified as students with learning or other difficulties based on IQ tests, reading or other standard tests, inappropriate behavior or whether an Individual Education Plan had been developed for the student. Studies in which participating students have been diagnosed with dyslexia, or having hearing and vision impairments were also included. The specific students participated in general education classes where a special educator was or was not present. Studies referring generally to "low achievers" were not taken into account.
We reviewed empirical investigations concerning science education. The term "science" includes several subjects that fall into different categories based on their content. The subjects that present the higher frequencies in these 53 investigations are: physics (19), chemistry (9), biology (9), environmental studies/ecology (6), geology (5), astronomy (3), engineering (3), technology (2), zoology (1), and phytology (1). Certain researches refer to more than one science subjects, while others combine science with different content areas, such as mathematics.
Recently published review articles focusing on science education for students with disabilities and on several means of instruction (e.g. graphic organizers) reinforce our approach Scruggs et al., 2010; Matkins & Brigham, 1999; Dexter et al. 2011; Therrien et al., 2011) . The previous reviews focus on summarizing conclusions of the studies as well as acknowledging the best teaching practices. Our paper aims at revealing the topics and subtopics on which researchers have focused from a different perspective, regardless of whether these issues have been proven fruitful for teaching. We recorded general topics and their subtopics (e.g. constructivism: exploratory learning, hands-on activities, cross-curricular projects, etc.) even if they appeared as a theme in the research procedure only once. We note that several studies look into more than one topic, while in some cases different topics are examined simultaneously (for example, peer-teaching or cognitive development is frequently investigated as an essential part of exploratory learning). In our study, the most popular topics investigated in the selected literature will be presented in descending order of frequency so that research community is informed about the issues which are scatteredly investigated and so that policy makers plan the successful integration of students with special educational needs in general education.
Results

Constructivism, Exploratory Learning, Hands-On Activities, Cross-Curricular Projects
In the context of constructivism (see Table 1 ) researchers use discovery or inquiry learning in order to develop and improve cognitive skills. To this end, they apply specific techniques and approaches -such as problem-based learning, hands-on activities, exploring children's conceptions and misconceptions.
Constructivism helps students actively acquire a cognitive structure; it enhances integration of information into an existing cognitive scheme, meta-cognitive skills and the refinement of cognitive structures. Through this perspective several studies focus on the investigation of a) exploratory learning as opposed to traditional instruction and b) the ability to maintain the acquired knowledge after a certain period of time. It is noteworthy, that although traditional and direct instruction are widely used in everyday practice, researchers are interested in it mainly compared to exploratory learning and inquiry based instruction, (Scruggs et al., 2010 ). The conclusion is that inquiry based instruction helps students improve their conceptual understanding, including the usage of data and information, retaining of cognitive skills and application of strategies for information processing. (We have also located a few empirical investigations on the effect of students' conceptions or misconceptions on exploratory instruction and on problem solving activities.) In addition, students retain these skills for a considerable period of time after their instruction. However, only high achievers may profit from complex processes of information (such as drawing conclusion or providing explanations, etc.), while grade level and IQ are important predicative factors for students' achievement when exploratory learning is being used. Inquiry-based learning in combination with active participation in experimentation renders students more receptive to science.
Hands-on activities are essential for inquiry-based science learning especially for students with learning disabilities. However, some activities should be specifically modified regarding the materials used (which is also noted by Scruggs et al., 1998) . These activities may form a platform for problem solving, for students' engagement in scientific inquiry and active learning; in addition they are helpful for students with mild learning difficulties, especially when they are well structured. Hands-on activities are more effective for students when they fall either to the category "easy" or "difficult", when appropriate material has been developed and when they "place fewer demands on language and literacy abilities and verbal memory" (Scruggs et al., 1998, p. 23) . In all cases, activities satisfy students more than book reading, because they consider them more interesting.
However, activities −as well as the use of laboratories− are not necessarily used in a constructivist, exploratory learning framework. Activities and laboratories may be used in a positivistic way, only when students verify what they have learned (i.e. confirmation type use of lab and activities). On the other hand the use of laboratories may be students-generated, if outcomes are "unknown by the students until the lab is completed" (Matkins & Brigham, 1999, p. 6) . In several empirical investigations activities are part of instruction that reveals certain concepts and it is based on rules. Hands-on activities are generally more effective when they are part of well-structured teaching, which is circumscribed by rules and specific science concepts. Scruggs et al. (2010) mention that systematic presentation of rules through examples and repetition, followed by guided practice immediately after the completion of each part of the lesson is beneficial for students in comparison with the ones that gradually get grasp of a rule via exploratory learning and constructivism. Moreover, LD students get a better understanding of science concepts when they are engaged into inquiry-based instruction without activities rather than instruction based on unstructured activities. To sum up, students with learning and other difficulties perform better, when they are engaged in well-structured hands-on activities guided by the teacher and used in an exploratory learning context.
Following the guidelines of constructivism and exploratory learning, researchers have developed integrated cross-curricular projects for students with learning and other difficulties, such as Design Based Learning (Doppelt et al., 2008) and Project Based Learning (Han et al., 2015) . Design Based Learning, which relates to scientific inquiry process, motivates students to solve real problems. To this end, students follow an authentic, reflective design process making use of space, materials and skills in real problems and they produce certain artifacts. LD students perform well in such projects at all the stages of the learning process except the presentation of their ideas through sketching where they encounter certain problems.
Similarly, Project Based Learning is a cross-curricular program that engages students to problem solving activities through interaction in a group and through open-ended questions. However, Project Based Learning improved students' scores in mathematics and science but not to the extent it was previously expected. Moreover, "students in the low economic status group ultimately received negative impacts from their engagement" in the Project and therefore it needs to be considered whether any particular aspect of Project "was a barrier for economically disadvantaged student's learning processes" (Han et al., 2015 (Han et al., , p. 1108 (Han et al., -1109 .
Consequently, the use of constructivism, inquiry based instruction, well-structured hands-on activities, students-generated use of laboratories and cross-curricular projects for teaching science to students with disabilities have been extensively investigated. Therefore we consider that such topics and subtopics could be critically integrated to teacher education programs.
Multiple Means of Representation and Graphic Organizers
Several studies investigate whether presenting information and content in different ways such as converting books into hypermedia books and using multiple means of representation (e.g. narration, animation, comparison charts, digital maps, etc.) facilitates learning procedures or not (see Table 2 ). Several spatial and graphic organizers (such as concept maps, concept diagrams, visual aids, semantic maps, semantic feature analysis, etc.) have an overall positive effect on learning science, especially for students that encounter difficulties in writing, in understanding the content of science, and in constructing and refining cognitive schemata (See also Scruggs et al., 1998 and Scruggs et al., 2010 .) The contribution of the graphic organizers to the retaining of information, knowledge and skills compared to the independent or guided study of a text has been also investigated.
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Dexter et al. (2011, p. 210) in their meta-analytic review of graphic organizers argue that they "are effective not only for improving basic skills (e.g., factual recall), but also for improving higher-level skills (e.g., inference)". In science education in particular, structure of graphic organizers -and more specifically syntactic/semantic feature analysis-is suited to science content and structure, in order to help students recognize conceptual relationships, and decode science texts.
However in certain cases, when elaborated or appropriate vocabulary is required for the use of graphic organizers, the graphic depiction of the information has limited impact either on learning or on retaining the acquired information. Graphic organizers are useful only when the actual reading level of students' with difficulties has been taken into account. Therefore, teacher candidates should demonstrate knowledge of the benefits and limitations of multiple means of representation, namely graphic organizers, when they are based on language use.
Developing Cognitive and Social Skills in Students with Learning and Other Difficulties
In several investigations researchers examine how exploratory learning reinforces attention, memory and cognitive development (see Table 2 ). Those studies show that when students with disabilities actively construct knowledge, they encounter difficulties to "employ self-questioning strategies independently as they read from text" (Scruggs et al., 1998, p. 32) , to classify information, to frame a hypothesis and draw prior knowledge. However, guided activities help students understand science concepts, reach conclusions and form general rules by abstraction, as well as apply deductive thinking. Investigators examine how teaching affects learning, when teachers use repetition, set explicit goals, present subject matter using structure, clarity, "enthusiasm, appropriate pace, and maximized engagement" (Scruggs et al., 1998, p. 28) .
Activating prior knowledge and forming new concepts is essential for the development of cognitive skills. It is investigated how prior knowledge is activated either cognitively −when students write down relevant and irrelevant to the topic concepts− or socially −when students discuss in small groups. It is also examined how students with disabilities construct meaning based on their preconceptions, even when teachers use textbooks in a traditional approach, and how students construct meaning not merely by extracting information from reading textbooks, but rather "by relating information on the page to that already in the mind" (Parmar et al., 1994,p. 124) .
A very important issue is the development of language abilities since students with difficulties often fail to understand science (scientific issues) due to inadequate vocabulary. Certain experimental interventions aim at improving students' vocabulary through adapted materials and activities, while other researchers study how exploratory learning could improve language skills, enrich LD students' vocabulary and develop their ability to use keywords. The conclusion is that LD students that get help with language issues or they have alternative means of expression available participate more in class. For example, students with problems in writing skills who presented their thoughts graphically or could use the writing skills of someone else improved their ability to express themselves.
Researchers are not only interested in students' cognitive development, but also in their social skills' development (see Table 2 ). Social skills get very important when hands-on activities are carried out, because students may display negative behaviors when teaching is not bound by rules. However, Scruggs et al. (1998) argue that hands-on activities encourage positive behavior, because students have personal motives for their engagement in the activities.
Several issues of students' personal and social development have been a matter of concern for researchers: a) self-regulation: techniques of self-regulation are being tested via devices that promote on-task behavior, b) self-evaluation and self-appraisal for students with difficulties: for example, a research study shows that LD students on lower classes (4th to 6th) were evaluating themselves as having lower learning abilities than students without LD, while in higher grades (7th to 8th) they were gaining self-confidence, c) self-esteem and building relationships with team members, d) self-motivation so as to feel happy to learn and maintain a positive attitude for the subject, etc. Investigators focus on the social skills that students develop when they need to participate in different kinds of groups.
To sum up, cognitive skills such as activating prior knowledge, comprehension, reaching conclusions and developing language abilities can be pursued when teaching science to students with difficulties. Social skills such as self-regulation or self-appraisal have not been extensively studied. However, teacher candidates could take into account that students' social skills can be pursued through peer learning, since students develop these skills when participating in groups.
Group Learning and Peer Learning
Group learning has been shown to promote active and social construction for all students. Research studies (see Table 1 ) often focus on how the average students' achievements are affected when they participate in a group of students a) with difficulties, b) with learning difficulties, c) with behavior problems or d) with other students without difficulties. Researchers have also focused on students' with difficulties achievements when all members of a group are students with difficulties, or when groups consist of students both with and without difficulties . Most particularly research investigates how students with behavioral disorders are integrated in a group. According to these findings the cognitive response and performance of students without difficulties is not negatively influenced by their participation in mixed ability groups. On the contrary, these students seem to encourage LD students to apply their skills and help them whenever needed. While some studies suggest that performance of low achievers is enhanced and they comprehend better when they are involved in discussions with their peer (Scruggs et al. (2010) review) there are other findings that show that this is not exclusively due to their participation in a team.
Teaching is more effective when students' participation and participation in a team is combined with hands-on activities. There are also studies that focus on how students with disabilities could get encouraged to actively participate in a team. According to these studies, LD students feel more confident to engage themselves in group discussions once they have rehearsed what they want to talk about, e.g. the description or explanation of a physical phenomenon. Special educators' support is of fundamental importance when it comes to hands-on activities in an exploratory learning context in order to aid LD students to co-operate with their peers for the social construction of concepts and peer mediations.
Therefore, teacher training programs could include issues such as the benefits of group learning strategies when teaching LD students, so that students learn to co-operate, participate and practice their social skills.
Coursebooks, Texts, Reading Strategies, Readability
The use of coursebooks has also been investigated as well as the implementation of certain reading strategies techniques and the adaptation of material at hand to LD students in comparison to traditional teaching (see Table 1 ). When inquiry-based learning is investigated, they mainly examine the readability of the material developed. Several research studies examine how a coursebook is used in traditional teaching as opposed to exploratory approaches or adapted books. The conclusion is that when the text is adjusted to the reading age of LD students (simple sentences, smaller words), their on-task behavior is extended. In other interventions, researchers adjust the texts so that thematic parts end with a concluding sentence or they re-adjust any given text by altering its structure, its length and the way information is presented in order for students to better comprehend story or science passages. Apart from researchers, teachers who have received special training co-operate in the adaption, development and production of new teaching material.
Some researchers examine the readability (see Table 1 ), the kind and number of pictures and graphics included in the coursebooks and booklets used in the labs. Other investigators examine if reading aloud, listening to a text, re-telling a story or highlighting key points improved LD students' reading ability and their ability to use any given information. Different reading techniques apply to different categories of students with disabilities. For example, a spelling program was developed for students with dyslexia who can read isolated letters while having difficulty with the structure and visually process of syllables. In this program students break down multi-syllable words into manageable chunks so as to improve comprehension of science concepts. As for expository texts, students are trained to build up their ability to trace information in a text. Another reading technique that is effective is to record the main idea of a text, then to list the elements presented in it and to note the sequence that these are presented Scruggs et al., 2010) .
There is also the Cover-Copy-Compare reading technique (Smith et al., 2002) in which LD students read a text, cover it trying to recount the information they read. In this way, researchers examine if students retain the newly acquired knowledge. Moreover, repetitive reading technique helps students with difficulties practice their fluency through repetition and improve their reading ability.
Phonological and morphological exercises seem to improve memory, spelling and enrich vocabulary, while hands-on activities reinforce phonological memory. Mnemonic strategies in general, are extremely effective in helping students learn words, understand terms and absorb information, but they do not contribute in more complex cognitive processes (e.g. concept comprehension) regarding the subject matter Scruggs et al., 2010) . Researchers advocate that students with difficulties are able to solve more problems and understand more concepts, when they engage themselves in group discussions as opposed to high achievers who are better in expressing their arguments through writing them down rather than orally.
Practice in modifications of instructional programs in order to respond to the needs of students with difficulties is usually included in teacher training programs. Designers of teacher education programs could also include in the www.sciedupress.com/ijhe 
Students' Assessment
Students' assessment is a central topic in most studies (see Table 1 ), because it helps investigators evaluate the outcome of their interventions. It has to be noted though that achievements are recorded in several ways, making the comparisons of the outcomes rather difficult (Scruggs et al., 2010) . Researchers use or develop assessment tools from different perspectives: they use several assessment methods, tools or techniques to evaluate students' achievement before and after the interventions, such as standard tests, questionnaires, discussions, interviews, peer-assessment, essays writing; moreover, they develop tests to examine the effectiveness of certain types of questions. They also develop new tools for diagnostic, formative or summative evaluation, which are either applied as a research tool, or are accommodated to indicators and standards set at a national or district level.
One example of developing a formative evaluation tool was the tablet that was used for self-evaluation: students with difficulties used the tablet to check their on-task behavior and in cases of attention deficit special stimulus was provided to modify this behavior. Another example of formative and summative evaluation was a computer-generated, administered and scored assessment tool, based on specific standards (such as repetitive structure), that evaluated for how long after teaching students had retained knowledge and skills. From those studies it was concluded that inquiry based instruction was more effective only when students were evaluated after a relatively long period (e.g. two weeks) while there was no difference when they were evaluated immediately after a period of traditional or inquiry-based instruction.
In general, research findings indicate that students who attend well-structured courses at an appropriate pace, from enthusiastic teachers who seek students' active engagement, achieve better outcomes. This improvement is more often demonstrated at students' portfolios and their oral evaluation, rather than in standard tests. Other studies focus on how general national standards set for assessing students' with difficulties in science are narrowed down to measurable performance indicators at a district level (e.g. state).
Teacher Training, Teacher Education, Teacher − Researcher Co-Operation
Apart from the general benefits of teacher education, investigators examine closely teachers' beliefs and attitudes (see Table 2 ). It is important to document how these attitudes change due to in-service training or how teachers improve their teaching material so that it is appropriate for students with difficulties. A key element for teaching improvement is the teachers' collaboration with researchers who carry out an empirical investigation in their school.
Researchers have investigated teachers' beliefs about planning, teaching strategies, types of questions, co-operative learning, reading strategies and students' evaluation. Moreover, they have examined how much prepared teachers feel to teach students with disabilities after their pre-service training. Several research studies focus on the challenges that teachers face when they use exploratory learning, and their beliefs and expectations from students with disabilities. It seems that LD students usually fall behind their teacher's expectations. Teachers seem more willing to change their teaching strategies and adapt teaching material for LD students or students with mental retardation rather than students with behavioral disorders. Taking into account teachers' attitudes, researchers have created a teachers training course for guided inquiry science instruction. It is indicated that teachers' attitudes and practices improved, when they participate in focus-group discussions (with their colleagues and the researchers), whose purpose is "to interpret and respond to vignettes characterizing the participation and learning of students with special needs" (Cutter at al., 2002, p. 186) .
Empirical investigations also examine teachers' familiarization with the activities and teaching material adapted for students with disabilities. As expected, it is helpful when teachers are provided with a kit including all the materials (books, maps, etc.) that they will use in their courses. After they get trained they can more easily to cater for students with special needs.
Some investigators believe that teachers should be trained only to best practices and gain as much everyday class experience as possible rather than focus on theoretical knowledge during their pre-service training. If novice teachers get guided experience during their training in a suitable setting, they will be able to select "unconsciously" the appropriate action when facing real teaching problems. Researchers also focus on professional development seminars designed to assist teachers in their preparation to teach students with disabilities and in their familiarization with teaching strategies so that students without disabilities do not fall behind their schoolwork due to inclusive education.
Co-teaching, co-operation and support from special education teachers in an "inclusive setting" have also been studied (see Table 2 ). It is concluded that when teachers and researchers co-operate, they can jointly plan and apply www.sciedupress.com/ijhe It is evident that teacher education programs should include evidence based teaching strategies, a deep understanding of teacher candidates' attitudes towards teaching science to students with special needs, and they should enhance co-operation with special education teachers, administrative staff and researchers.
Education Policy, School Administration and Management, and Curriculum Structure
It is less frequent to locate articles on issues regarding amendments or changes in institutions, in the operation of the educational system, in education policy, school administration, curriculum structure, and other broader issues that are a prerequisite for inclusive education (see Table 2 ). At an institutional level, questions that concern researchers, apart from teachers education that was earlier discussed, are curriculum structure, core and non-core subjects included in it and the impact that changing levels or grades has on the achievement of students with difficulties. As far as curriculum structure is concerned, investigators suggest that curriculum should be structured in a way that students may attend certain non-core courses that will help them with their core courses; it is argued, for example, that "accumulating credits in technology and communication course work uniquely benefits the science course taking, and comparably benefits the math course taking of students with LD in contrast to students who are not identified with LD" (Shifrer & Callahan, 2010, p. 73-74) .
A general reform −including appropriate teacher training and appropriate structure of the levels of education, administrative support, support from special educators (and co-teaching arrangements)− and an open, accepting atmosphere are generally considered essential for the application of interventions, such as those discussed above. More specifically, researchers note a decline in motivation and achievement in science, when students with difficulties change simultaneously grade and level of education. On the contrary, students' achievement scores are not so low when students change grade without changing grade level. Also, in the context of broader educational changes, researchers claim that low achievers improve their performance when curriculum changes come along with teacher training and amendments in district school policies as part of a more general reform. Wu & Tsai, 2005 √ √ 1* discovery/inquiry learning -CONSTRUCTIVISM 2* misconceptions/preconceptions-CONSTRUCTIVISM 3* hands-on activities-CONSTRUCTIVISM 4* projects/cross curricular projects-CONSTRUCTIVISM 5* group/peer learning 6* direct teaching/traditional instruction 7* traditional textbooks 8* adapting material /textbooks 9* readability/reading techniques 
Discussion
From the presentation of the topics with which special education investigators have dealt, we conclude that most interventions concern the actual teaching practice (such as inquiry learning, graphic organizers, adaption of teaching material, assessment), fewer deal with teacher training issues based on the goals set by the interventions, and even fewer deal with educational policy. This presentation could potentially help researchers to determine topics and subtopics that need further investigation and higher education community to enrich teacher training programs. Similarly, education policy makers may take into consideration the aforementioned findings when they have to deal with special education issues such as the inclusion of students with special educational needs to general education.
However, "empirical support for full inclusion of all students with disabilities is unavailable" and "for some students, inclusion has been found to be harmful […] or associated with unsatisfactory results" (Matkins & Brigham, 1999, p. 25) . The question of applying interventions such as those included in the empirical investigations at a wider scale is related to the problem of including students with difficulties in general education, although "inclusion of students with disabilities in general education settings should not be viewed as an either-or proposition" (Matkins & Brigham, 1999, p. 27) . The issue of full inclusion is even more puzzling, when catering for students with individual differences in a classroom might slow down students without difficulties, who seek to achieve certain standards and indicators set by each country's educational system. Therefor we consider that university community, researchers and policy makers should take into account that the effectiveness of an educational system is not only based on students' scores but also on the number of students who participate in general education.
